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A JOB AID: INCORPORATING CONTINUOUS OPERATIONS
CONSIDERATIONS IN UNIT DESIGN

INTRODUCTION
Purpose

U.S. military forces must be capable of global deployability, rapid responsiveness, and
extended combat operations. Since today’s weapons are designed to be employed during adverse
weather and around the clock, an important consideration is whether Army units are manned
sufficiently to exploit the technological advantage offered by this 24-hour capability. By
doctrine, U.S. Army units must have sufficient resources for continuous operations (HQ,
Department of the Army, 1993).

To maintain 24-hour coverage for an extended period, technology-intense units such as air
defense, field artillery, and maneuver battalions, their tactical operations centers (TOCs) (i.e.,
division-, brigade-, and battalion-level command and control centers), and their supporting
elements require soldier-equipment ratios that permit down time (via crew rotations and work-
rest scheduling) for rest, resupply, and maintenance while the battle continues.

Job aids are needed to assist the force designer in designing units for continuous
operations. The manpower considerations of operating and maintaining the unit in realistic
conflict environments require the inclusion of unit endurance parameters. Such planning falls
within the purview of the manpower and personnel integration (MANPRINT) initiative. The
goal of MANPRINT is to enhance soldier system performance by influencing soldier issues
during weapon system design, development, production, and fielding. Given the constraints of
decreasing resources, manning levels, and funding, the Army must ensure that new systems will
meet performance requirements. The MANPRINT program provides a process for formal
consideration of (1) the numbers of personnel required to operate and maintain a system, (2) the
requisite skills, (3) training resources to help people achieve proficiency levels, (4) safety and
hazards issues, (5) soldier survivability issues, (6) soldier costs, and (7) design trade-offs. The
ability to maintain mission effectiveness for long periods of time should be a consideration during
the unit design process.

Many variables impact unit military performance. As examples, crew training, task
design, conditions of the battlefield, personnel characteristics all have an influence (see Figure 5-1
of Wagner [1995] for a complete listing). This job aid focuses on some of these variables to




enhance unit design for continuous operations. While these variables impact other design
objectives (e.g., the ability to sustain casualties and to reconstitute), the focus of this paper is to
enhance ability to perform continuous operations.

Definitions

Continuous operations (CONOPS), according to Joint Pub 1-02 (Joint Chiefs of Staff,
1994), is, in principle, the “degree or state of being continuous in the conduct of functions, tasks,
or duties necessary to accomplish a military action or mission in carrying out the national
military strategy.” Addressing the more narrow view of unit design, CONOPS is combat
continuing at the same high intensity level for extended periods. Soldiers may have opportunities
for sleep, but sleep may be brief or fragmented.

From FM 22-9 (Soldier Support Center, 1991), “CONOPS is distinguished from
SUSOPS (sustained operations). In SUSOPS, the same soldiers and small units engage in
continuous operations with no opportunity for the unit to stand down and very little
opportunity for soldiers to get more than a few minutes of sleep. Within any CONOPS, there
are likely to be periods of SUSOPS.”

WHY CONSIDER CONOPS DURING UNIT DESIGN
Advanced Warfare Concept

The following paragraphs, quoted from FM 22-9, summarize the problems that result
from around-the-clock warfare:

Continuous land combat is an advanced warfare concept. It is made possible by
the almost complete mechanization of land combat forces and by the technology
that permits effective movement at night, in poor weather, and in other low-
visibility conditions. Continuous combat operations may be fast-paced, around-
the-clock, and intense. The reasons that armies have traditionally paused in
battle - darkness, resupply, regrouping - have been overcome largely by
technological advancements. Now that armies have the potential to fight

without let up [sic], night operations will become commonplace.

This continuous cycle of day/night operations may cause degradation of

performance in cognitive skills beginning as early as 18 to 24 hours into




CONOPS. The ability to think clearly deteriorates even more rapidly than
strength and endurance. Mood, morale, initiative, and motivation decline along

with mental performance.

The effects of CONOPS are sometimes hidden and difficult to detect. Units are
obviously impaired when soldiers are killed or wounded in action or become noncombatant
losses. They are further impaired when soldiers are too tired to perform their tasks.

Examples of CONOPS Organizational Deficiencies

This subsection offers the combat developer concrete examples of organizational design
shortcomings. Three combat organizations (armor, aviation, and field artillery) were selected,
and examples of both CONOPS and SUSOPS are presented to illustrate common unit design
shortcomings. The shortcomings presented below are based on National Training Center and

Operation Desert Shield-Storm after-action reports.

Armor

Assuming that tank crews in general can find time for 3 to 4 hours of sleep each
day, the weakest links in a tank battalion’s SUSOPS capability are the command and control
structure, reconnaissance, and supporting logistics elements, not the line platoons (U.S. Army
CACDA, 1987).

(1) The battalion reconnaissance platoon habitually receives more missions than
resources and time allow (U.S. Army CACDA, 1987).

(2) Sleep deprivation is sometimes a problem in support platoons. If a low
operator-to-equipment ration exists, resource constraints could lead to logistical problems, as for
example, having sufficient trué:k drivers to provide around-the-clock support (U.S. Army
CACDA, 1987).

(3) The battalion TOC is designed for two-shift operations. In theory, the seven
personnel authorized (three officers, two NCOs, and two enlisted) should be able to coordinate
battalion operations; in practice, however, difficulties often occur, particularly when a command
group is formed, security is required, and frequent displacements occur. Consequently, TOC
personnel become overstressed. Commanders, in response, call on personnel from tank platoons
to augment the understaffed TOC (U.S. Army CACDA, 1987).




Army Aviation

Maneuver force commanders, as reported by the U.S. Army Aviation Center,
Operation Desert-Storm after-action report, expressed concern about the lack of a robust aviation
force structure during Operation Desert Storm. Deployed aviation units had a limited capability
to operate 24 hours a day for an extended period during Operation Desert Storm. Organizational
shortcomings included (U.S. Army Aviation Center, 1991)

(1) Lack of depth in critical aviation maintenance military occupational specialties
(MOSs) hindered aviation operations. In addition to performing supervisory duties, crew chiefs
also drove trucks, performed aircraft maintenance, and executed additional duties such as guard
and waste disposal. Hence, they had little time for sleep and personal hygiene. Although these
shortcomings have since been fixed, their existence demonstrates the sorts of problems that can

occur when operations and support requirements exceed personnel resources.

(2) Inadequate aircrew-to-airframe ratio. The Army’s allocation policy of one
aircrew per helicopter limited helicopter availability. In fact, strenuous flying conditions such as
night flying further reduced this availability. Aircraft availability was also reduced by aircrew
illness and injury. In response to these conditions, aviation unit commanders tended to employ
their aircraft as either day or night systems. The lack of back-up aircrews limited commanders in
employing their aircraft for more than 8 hours per day. Longer employment required
commanders to extend aircrew endurance schedules and to accept greater risks as a result of
aircrew fatigue. Consequently, individual helicopters only flew an average of 32 hours during
Operation Desert Storm’s 100-hour ground campaign.

(3) Inadequate manning and equipment authorizations hindered continuous
operations of forward area air refueling points (FARPs). FARP equipment includes rough terrain
forklifts, fuel pumps, and tanker heavy expandable mobility tactical trucks (HEMTTs).
Personnel authorizations at FARPs were too lean to sustain 24-hour operations. The manning
shortage was partly attributed to the fact that FARP personnel had to drive trucks and perform
other duties in addition to their arming and refueling responsibilities. Additionally, FARPs
moved much like TOCs; one FARP had to be operational while the second moved to the new
location. However, units had only enough personnel to man one FARP, and therefore, mission

capability was missing during moves.




(4) Aviation unit TOCs lacked the mobility, automation, survivability,
communications, and manning required to maintain operational tempo with their ground
maneuver counterparts. The lean TOC manning was exacerbated by the fact that aviators, as
TOC staff officers, were required to fly combat missions to meet operational needs.

Field Artillery (FA)

Operation Desert Shield-Storm experience demonstrated that the personnel
redundancy and substitutability built into field artillery (FA) battery design ensured sufficient
time for rest and sleep. Not unexpected, the weakest CONOPS links in the fire support system
during sustained operations were the command and control structure and the supporting logistics
elements, not the firing batteries (U.S. Army Field Artillery School, 1991).

(1) FA HEMTTSs require two drivers to support continuous operations. The
shortage of drivers adversely impacted the resupply of ammunition, fuel, and water.

(2) Fire support elements (FSEs) were inadequately staffed at brigade and
battalion to support 24-hour operations. Consequently, FSE personne] were overworked to the
point of exhaustion.

Human Performance Degradation

The shortcomings just described are not isolated examples; rather, they are typical
CONOPS unit design deficiencies. Such deficiencies are likely to lead to performance
degradation. The unit designer may wish to consider the following principles of performance
during the design process:

« The soldier is the weak link in around-the-clock combat. In light of this fact, the unit

designer may want to consider higher strength levels for selected mission-essential equipment.

« Positions involving high cognitive functioning such as reasoning, memory, and analysis
are usually the first skills to deteriorate during sustained operations.

* A unit’s weakest CONOPS links tend to be in functional areas in which mission
performance depends upon a few soldiers who possess unique skills. These functional areas are
command and control, communications, reconnaissance, and logistics.




One Key Variable

One reason that the soldier is considered the weakest link in CONOPS is that
soldiers need sleep. Continuous combat is exhausting. The lack of sleep reduces a soldier’s
ability to perform tasks as quickly or effectively as necessary. When performing continuous
operations, soldiers accumulate a sleep debt that degrades performance. The only preventive or
corrective measure for sleep loss is sleep itself. Factors such as training and motivation can
reduce the initial effects of sleep loss; however, no amount of training or motivation will sustain a
soldier’s performance. Unit designers must understand and consider the following tenets from
FM 71-100-1 (Command and General Staff College, 1993):

* Six to eight hours of sleep are required for soldiers to maintain performance
indefinitely.

* Four to five hours of sleep allow soldiers to maintain effective performance for
5 to 6 days.

* Performance degradation when working without sleep is estimated to be about
25, after 24 hours.

Other Relevant Variables

Other variables that impact human performance during CONOPS are the nature of
the work task to be performed (physical versus cognitive), the degree of vigilance required to
perform the work, the time of day the work will be performed, and environmental factors such as
he:zt, cold, crowding, and vibration.

(1) Physical Versus Cognitive Tasks. Certain tasks are more susceptible to the
effects of sleep loss than others. Thinking ability degrades more rapidly than physical strength
as shown by Figure 1 (U.S. Army CAC, November 1993).

The susceptibility of tasks to performance degradation is as follows:

* The tasks most susceptible to performance degradation are those requiring

creative and original thought.

* The next most susceptible are tasks requiring logical reasoning or sound

judgment.




CREATIVE] . ORIGINAL THOUGHT

 ABILITY TO FORMULATE CONCEPTS

« ABILITY TO QUICKLY GRASP COMPLEX SITUATION E
« ABILITY TO ANTICIPATE CHANGE, VISUALIZE FUTURE R
TF
LOGICAL | . REASONING OR SOUND JUDGEMENT A g
s
« ABILITY TO PLAN AND PREPARE ORDERS
« ABILITY TO APPLY STRUCTURED PROCESS K ': PHYSICAL
N LOGICAL
c
PHYSICAL] . perrAINING TO THE BODY E

« ABILITY TO EXECUTE ORDERS TVE
« ABILITY TO KEEP MOVING

Figure 1. Task degradation.

« The least susceptible are tasks requiring physical performance such as the
ability to follow orders and the ability to keep moving. Sustained physical effort, however, will
lead to muscle fatigue and eventual failure to function.

(2) Vigilance Tasks. Vigilance tasks are those that require constant and
concentrated attention during conditions that are seldom conducive to alertness or attention.
Vigilance operations are characteristic of defensive operations, notably sentry duty and
monitoring air defense and ground surveillance radars. Performance degradation manifests itself
as missed detection opportunities. The operational consequence of a missed detection is task and
situation dependent. The consequences, however, could be significant, for example, if the missed
detection resulted in defenses not being prepared for an enemy attack. Typically, vigilance tasks
are performed only during a portion of a normal duty cycle. For high vigilance tasks, cognitive
performance can deteriorate after 20 to 25 minutes of continuous work (Krueger, 1989).
Vigilance task performance degradation with fatigue is well recognized and unit commanders

know that they cannot rely on long duration vigilance performance.

(3) Time of Day (rthythmic variations in performance). The following paragraphs
from FM 22-9 nicely summarize the relevance of this variable on human performance:

There are rhythmic variations in individual performance based on a
predictable physiological and behavioral cycle that is about one day or
24 hours. The 24-hour, day-night/work-rest cycle is called the “circadian
rhythm.”




Although one’s “normal” temperature is 98.6 degrees, this is really an
average or midpoint of a daily swing from 96.8 to 100.8 degrees.... There
is a well-established link between body temperature and sleepiness
and/or performance slumps. Performance parallels body temperature.
The higher the temperature, the better is the performance. As
temperature decreases, there is a decline in mood and motivation and an
increase in sleepiness and fatigue.

For someone accustomed to working days and sleeping nights, the performance
impact is most pronounced during the circadian lull which is roughly 0200 to 0600 hours.
Performance can decline 10% to 15%; however, in sleep-deprived soldiers, this decline can
" become 35% to 40%.

(4) Environmental Factors. CONOPS frequently take place in environments that
contribute additional stress and subsequent performance degradation. Ambient temperatures in
excess of 85° Fahrenheit (wet bulb globe) may cause reduced performance (both physical and
cognitive) from excessive sweating (which can cause slippage or degraded vision), dehydration,
and hypothermia. Prolonged exposure to cold may degrade manual dexterity because of shivering
and synovial swelling and can lead to exhaustion, dehydration, and hypothermia. Ambient noise
and vibration may cause difficulty in reading displays and can reduce cognitive performance and
cause nausea and vomiting.

The next section examines strategies to reduce CONOPS risks with focus on the

organizational design perspective.

WAYS FOR INCORPORATING CONOPS IN UNIT DESIGN
CONOPS Risk Reduction Strategies

The many factors have been summarized, which can impact the ability of soldiers to
perform tasks effectively for long periods of time. Methods for reducing CONOPS risks can be
grouped into four broad strategies. These strategies, with associated planning lead time and
responsibility, are displayed in Table 1 and summarized afterward.

10




Table 1

CONOPS Risk Reduction Strategies

Strategy Planning lead time Responsibility

Doctrine and leadership Hours, days Commander

Training Weeks, months | Commander

Materiel 10 to 20 years Combat developer

Organizational 10 to 20 years Combat developer
Doctrine and Leadership

This category comprises doctrinal actions and leadership techniques which are
designed to ameliorate the adverse effects of CONOPS on personnel performance. In general,
these actions are implemented by a unit commander before and during the course of CONOPS.
The commander anticipates, plans, and rehearses the battle in conjunction with mission, enemy,
terrain and weather, troops available-time (METT-T) and FM 22-9 to ensure time for rest and
sleep. In conjunction with a METT-T determination for future courses of action, and as unit
capabilities permit, the commander designates elements of his unit to be inactive for rest and

maintenance.
Training

The commander institutes unit training initiatives to reduce the effects of
CONOPS on personnel through cross-training and overlearning mission-essential skills. Cross-
training allows duties to be shared and permits scheduled rest periods. Overlearning assures
higher reliability and rapid skill performance.

Materiel

In the 21st century, the technical capabilities of the soldiers and systems that the
Army fields will represent the interplay of two distinct and interrelated processes. One is
“technology push,” the process of scientific research and technological innovation that
determines what is available. The other is “requirements pull,” a process that includes a wide
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array of factors that affect Army needs and requirements, and these are driven by the mission,
the threat, and political and economic changes at home and abroad.

The role of the combat developer in the requirements pull process is to define the
equipment needed to support future doctrine. With the knowledge that human performance is
the limiting factor in CONOPS, the combat developer must consider materiel alternatives to
redress this limiting factor. More consideration should be given to the concept of optimal
. allocation of tasks between the system and the operator.

Organizational

Manpower and equipment authorizations and organizational structure, together
with an operational concept are the principal determinants of how a unit will perform during
CONOPS. A unit commander’s tactical and training CONOPS strategies are viable only to the
extent that this unit has been designed with sufficient resources for CONOPS. This
organizational concept is developed fully in the remainder of this section.

The Organizational Design Perspective

Personnel and equipment authorizations and organizational structure, in combination with
an operational concept define a unit’s CONOPS mission capability. From a CONOPS
organizational design perspective, the desired characteristics of a unit are

Sufficiency

Each unit possesses sufficient personnel and equipment to perform its mission-
essential tasks for continuous operations. Sufficient personnel means that enough soldiers are
assigned to each combat task to assure all soldiers an opportunity for 6 to 8 hours sleep every
24-hour cycle.

Sustainability

Each unit possesses sufficient support personnel and equipment to sustain
mission-essential tasks during CONOPS. This means that maneuver units have not only enough
soldiers to fight the battle but also enough truck drivers, maintainers, radio operators, and so
forth, to sustain the battle.
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Robustness

Each unit possesses sufficient internal redundancy to absorb losses and still
accomplish its mission. Internal redundancy is the existence of multiple elements that allow
designated elements to replace one another for sleep rotation while the unit continues to perform

all mission-essential tasks.

Normally, resources, particularly personnel, are constrained in the design of a unit,
either in quantity (numbers of soldiers) or quality (skill levels and experience). To the unit
designer, working under personnel “ceilings,” and looking for “bill payers” are facts of life. This
means that if the unit designer wants to augment an organizational element with additional
personnel, for example, to provide a multi-shift capability, the space authorizations must come
from somewhere else; that is, a bill payer must be found. Finding a bill payer has always been
difficult but with the force reduction, it will become even more so in the future. Therefore, the
unit designer should not only consider unit strength alternatives but also unit design alternatives,

including new and innovative operational concepts.

CONOPS Decision Tree

CONOPS unit design alternatives are displayed graphically in Figure 2 using a decision
tree format. The tree displays CONOPS organizational alternatives, as a function of unit type,
using TRADOC Pamphlet 11-9 (ARL, 1993), tactical taxonomy for categorizing military units
and functions.

Combat Battlefield Functions

The tree’s upper branch contains three combat battlefield functions: maneuver,
fire support, and air defense. Army policy (AR 71-31) states that units whose primary mission
is to engage and inflict casualties (Category I units) must have sufficient resources by doctrine to
allow continuous operations. This means that staffing requirements will be developed based on a
METT-T determination for future scenarios and CONOPS principles. Guidance about this
staffing process is provided in Wagner (1995), which provides a discussion of unit design
principles and procedures, including the consideration given to CONOPS.

The upper branch displays two unit design methods for ensuring a CONOPS mission

capability: (1) individual substitutability, and (2) system substitutability. The individual
substitutability method ensures sufficient resources so that individual soldiers or crew members
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can be inactive for sleep through crew rotation. The system substitutability method ensures
sufficient robustness so that designated elements of the unit can be inactive for specified periods

of time so that entire crews can sleep.

' N
TACTICAL BASIS OF CONOPS
BATTLEFIELD STAFFING DESIGN
FUNCTION REQUIREMENT ALTERNATIVES
\_ J
4 A
] 1 I
1 1 1
! * MANEUVER ! ! INDIVIDUAL SUBSTITUTABILITY
i - FIRE SUPPORT H H
|+ AR DEFENSE ! !
h |—| DOCTRINE/METT-T H
1 | . 1
1 L} 1
1 1 1
: : : SYSTEM SUBSTITUTABILITY
i 1 1
1 1 1
I I [
1 1 1
1 1 1
1 1 1
I 1 I
1 ]
1 1
1 1
. 1 I
+ COMMAND AND CONTROL : :
1]
- INTELLIGENCE H |
1 1
+ MOBILITY AND i 1 SHIFT OPERATIONS
SURVIVABILITY : :
| MANPOWER |
+ COMBAT SERVICE | REQUIREMENTS I
SUPPORT |5 criTERIA (MARC) INDIVIDUAL SUBSTITUTABILITY
| .|
1 1
. L]
1 1 SYSTEM SUBSTITUTABILITY
1 1

Figure 2. CONOPS unit design organizational alternatives.

Combat Support and Service Support Functions

The tree’s lower branch shows CONOPS design choices for the remaining tactical
battlefield functions: command and control, intelligence, mobility and survivability, and combat
service support. For these battlefield functions, staffing requirements are governed by AR 570-2
(HQ, Department of the Army, May 1992), which prescribes Army policies and procedures for
combat support and combat service support units and elements. Manpower requirements
criteria (MARC) staffing requirements are based on historical experience or field measurement of
the number of hours required to perform a task or function. In the absence of empirical data, the
unit designer can make assumptions and propose a staffing basis until actual experience is gained.
MARC methodology is based on the concept of providing minimum essential manpower to
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perform wartime functions during an average day of military operations. An average day varies
by type unit and employment echelon (i.e., division, corps, and echelons above corps). Inan
average day, 10 to 12 hours are available for productive MOS work, and the remaining time is
required for eating, sleeping, performing details, unit relocation, and so forth. Consistent with the
CONOPS sleep guideline, MARC allots 7 hours per day for sleeping. MARC, however, does
not allocate personnel resources for SUSOPS and a mission surge capability per se.

The tree’s lower branch shows that shift operations is a third CONOPS design alternative
with application to combat support and service support functions such as intelligence, command
and control, and so forth. Shift operations are appropriate for tasks that must be performed
around the clock for an extended period of time. The design can provide for two shifts with equal
capability operating around the clock. Alternatively, it can provide for full capability during
selected periods of time and reduced capability during other periods.

CONOPS Unit Design Alternatives

CONOPS capability often has been considered erroneously in terms of individual soldiers
functioning 24 hours per day rather than from an organizational perspective. To the unit
designer, CONOPS-capable means that a unit, consisting of personnel, equipment, and an
operational concept, can perform its mission 24 hours per day for a sustained period of time.

The three CONOPS design alternatives depicted in Figure 2 and discussed briefly are

discussed in more detail with examples in subsequent paragraphs.

Design for Sufficient Individual Substitutability

This design alternative is the most basic and commonly used procedure for
ensuring unit CONOPS capability. It is universally applicable, regardless of battlefield function,
unit type or employment zone. The essence of this approach is to ensure sufficient personnel to
permit sleep rotation for mission—essentiai tasks. Whether the task involves logistics, command
and control, or manning a weapon system, the commander needs the ability to cross-train
individuals and establish sleep rotation schedules. To be viable, this approach requires not only

sufficient personnel resources but also an implementing procedure.

The M109 (A2 through A5) series self-propelled 155-mm howitzer and the
AN/PPS-5A ground surveillance radar are two specific examples of individual substitutability
designs. Each is discussed in turn.
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(1) Howitzer Crew. The CONOPS mission of a field artillery (FA) battalion is to
support maneuver forces with continuous and overlapping fires on the battlefield around the
clock. An FA battalion is comprised of three FA batteries. Each battery consists of two
platoons, and each platoon has four howitzer sections.

A self-propelled howitzer section has a nine-man crew (see Table 2). As stated in
TM 9-2350-311-10 (HQ, Department of the Army, Apr 1992), it is normal to expect gun crews
to be reduced to less than the prescribed strength because of illness, casualties and the need for
rest. To meet the needs of these occasions, reduced crew and cross-training procedures have been

developed together with a sleep rotation plan.
Table 2

Self-Propelled Howitzer Crew Composition

Full crew Reduced crew

9-man 8-man 7-man 6-man
Chief of section (CS) CS CS CS
Gunner (G) G G G
Ammunition team chief (ATC) ATC ATC ATC
Assistant gunner (AG) AG AG AG/HD
Cannoneer No. 1 No. 1 No. 1 No. 1
Cannoneer No. 2 No. 2 No. 2/No. 3/AVD No. 2/No. 3/AVD
Cannoneer No. 3 No. 3/AVD - -
Ammunition vehicle driver (AVD) - - -
Howitzer driver (HD) HD HD -

Table 2 shows that firing missions can be performed with a reduced crew of eight,
seven, or six crewmen by combining the duties of individuals as shown. By stipulating that all
crew members will have the same MOS, additional CONOPS flexibility is achieved through
cross-training. For example, the Ammunition Team Chief (ATC) can be trained for gunner and
Chief of Section (CS) duties, and the numbered cannoneers can be expected to know the duties of

all the other cannoneers, and so forth.
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The operator’s manual for this howitzer further reads

The section must be drilled until reaction to commands is quick,
automatic and correct. Battery officers will supervise the drill. Duties
should be rotated during training so that each member of the section can
perform all duties within the section.

Any combination of six crew members can perform firing missions and this
flexibility permits the development of sleep rotation plans that allow members to obtain as many

as 6 hours of sleep every 24 hours.

(2) Radar Crew. The CONOPS mission of the AN/PPS-5 radar team is to
support a maneuver brigade with mobile, real-time, 24-hour battlefield ground surveillance. Radar
teams may be deployed singly or in conjunction with other ground surveillance assets. Operators
interpret some types of target information and provide other data directly to indirect fire systems
for immediate attack. The radar is usually employed for continuous operations. The radar is set
to ready only when enemy activity is not evident.

The radar has two scopes (monitors) with a viewing hood and a headphone.
Watching the two scopes through a viewing hood while listening to the headphone requires
intense concentration and is very fatiguing work. Cognitive performance of this high vigilance
task deteriorates rapidly after 1 hour. To maintain minimum essential task performance, the
radar operator position must be rotated among team members. While two people can operate
this radar for a limited period of time, the work load driver is the number of operator positions
needed for this system on a sustained basis. Four radar operators, MOS 96RXX, are needed to
perform minimum essential radar operator tasks while rotating the high vigilance radar monitoring
task among crew members and maintaining a sleep rotation plan. Without the high vigilance
requirement, the radar tasks could be performed by a three-man crew (U.S. Army CAC, August
1993).

A technique that uses the individual substitutability concept to identify CONOPS
shortcomings in a unit design is discussed in the section “An Approach for Identifying CONOPS
Shortcomings in a Unit Design.”

Design for Sufficient System Substitutability

This design alternative is applicable to all battlefield functions, particularly if
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organized hierarchically. Typically, Army combat units are organized hierarchically. The basic
building block is the individual weapon system. For field artillery, the hierarchy is composed of
sections, platoons, batteries, battalions, and division artillery-groups-brigades. The essence of
this CONOPS design is to ensure sufficient overlapping mission capability so that crews or
elements can be inactive for specific periods of time. Force structure robustness is a necessary,
not a sufficient, condition. A CONOPS implementing procedure is also needed. How system
substitutability can ensure CONOPS mission capability is illustrated by the following example.

The field artillery views the CONOPS requirement as the ability to deliver sufficient
overlapping fires on the battlefield around the clock to support maneuver forces. When mission
capability exists that exceeds the requirement for overlapping fires, designated elements can be
permitted to be inactive for rest and maintenance. For the purpose of resting a section or
platoon, a battery commander can decrease the readiness of designated firing elements from a
normal fully ready or “hot” status, to a “warm” or a “cold” status. The CONOPS applications
are best described as follows:

¢ Warm platoon. During intense continuous operations, a platoon can be inactive
while maintaining firing capability. The platoon is required to monitor radios, but no fire
missions are sent unless absolutely necessary.

¢ Cold platoon. This option takes an entire platoon out of action for a period as
long as 6 hours. The primary purpose of this option is to enable the command and control
elements of the platoon to concentrate on the sustainment and resting of the platoon. This would
include at least 4 hours of uninterrupted sleep.

* Cold section. This option takes an entire section out of action for a designated
period of time. The section may even be moved to an assembly area away from its platoon. If
the cold section remains with the platoon or is in an assembly area with other battalion elements,
it may not be required to maintain a radio watch, as this may interrupt sleep.

Design for Shift Operations

This design alternative applies to tasks that must be performed continuously,
around the clock, 7 days a week, for an indefinite period of time. Typically, the tasks involve a
projected constant work load overtime and involve high cognitive or vigilance work. Army
command posts (CPs) at brigade, division, and corps are examples of entities designed and
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organized for shift operations. The organizational design of CPs provides important insights
about shift work and design challenges for the future.

A typical CP, particularly at division and corps, is considered too large and too
vulnerable to enemy acquisition and attack. TRADOC has several on-going programs at the
Battle Command Battle Laboratory (i.e., Battle Staff Assessment and Battle Command Concept
Projects) focused on reducing CP size while maintaining a 24-hour capability. Basically, two
ways provide opportunities to reduce CP staff size by (1) consolidating elements of a CP, and
(2) automating selected tasks that staff members now perform manually.

Typically, any large maneuver organization (division and corps) establishes three

CP echelons in support of its basic mission functions:
» A tactical CP to manage the current battle.
« A main CP to provide overall control of the battle and to plan the next battle.

« A rear CP to manage logistics activities and sustain the battle.

Subdividing division and corps CPs into elements serves to increase survivability
through dispersion but at a price of additional personnel requirements. Currently, the TRADOC
Battle Command Battle Laboratory is assessing the feasibility of consolidating the rear and main
CPs into a single element. This consolidated echelon would be employed out of harm’s way in a
rear area location, possibly in the continental United States (CONUS). This opportunity is made
possible by the ability to establish a distributed interactive CP using digitized battlefield data
supported by long range, high volume communications networks.

Key to effective CP operations is the quantity and quality of its staff. CPs are
designed to be manned with the appropriate MOSs and skills to perform battlefield functions as
functional cells. A corps main CP is comprised of six functional cells, while a division main CP
has three cells (Command, G-3 [Operations], and G-2 [Intelligence]). For the purpose of 24-hour
operations, each cell is staffed with sufficient individual substitutability for two shift operations.

Modern warfare, as evidenced by Operation Desert Storm, is fast paced, intense,
and around the clock. The battlefield situation can change quickly. For CP operations, the time
when efficient around-the-clock operations are most vulnerable is during personnel changes
between shifts. Typically, CP work schedules evolve around two 12-hour shifts, dependent
upon the availability of staff and the work performed. Work schedules can be arranged for shifts
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with equal capability operating around the clock. Alternatively, the schedule can be arranged,
contingent on the tempo and tenor of combat activity, for full capability during selected periods
of time and reduced capability during other periods.

The procedure of changing the entire CP staff is counter to effective CONOPS. It
results ir. *..¢ mass departure of the incumbent shift and the immediate loss of the collective
knowledge of what occurred during the previous 12 hours. While the incoming shift will have
been briefed and have access to logs, it will be confronted with situations for which no shift
members have direct knowledge or understanding of the contextual circumstances. Provided there
is sufficient individual substitutability for two shift operations, mitigating the effects of shift
change ar.d ensuring CONOPS can occur in one of two ways. The first way involves establishing
several staggered overlapping shifts within each cell, and the second way involves employing
shorter than 12-hour work cycles for designated tasks.

The staggered shift change provides for scheduling officers, NCOs, and enlisted
personnel on three overlapping shifts so that the new shift has access to a body of knowledge
that is only 4 to 6 hours old. For example, the officer 12-hour shift might run from 0800 to 2000
hours, the noncommissioned officer (NCO) shift from 1200 to 2400 hours, and the enlisted shift
from 1600 to 0400 hours. This approach tends to reduce the knowledge gap problem. The entire
staff can implement the staggered shift change either by each element or by cell, depending upon
requirements and peak load times. By staggering shifts, the unit has a constant interface between
new and old staff members within the CP.

While the 12-hour shift cycle is the most common, it is also the most difficult to
sustain. If work loads are high, then fatigue degrades performance of this schedule. This is
particularly true for the night shift that spans the circadian lull (0200 to 0600). Also, the 12-hour
shift is particularly difficult to sustain if vigilance or creative work is involved. Alternatives to
12-hour shifts are the 4-hour on-off and 6-hour on-off work schedule. While the rest periods are
short, they provide the opportunity for distributed rest. Although sleep might not be taken
during each off period, the change in activity has a recuperative effect for tasks involving high
cognitive and vigilance work. In general, the 8-hour on-off work schedule or any schedule in
which sleep is not taken during the same time for successive 24-hour periods should be avoided.
Sleep taken at different times of day or night is less valuable for maintaining optimal performance
for CONOPS (Soldier Support Center, 1991).
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The need for consistent sleep periods has additional negative implications for
CONOPS because of the lack of adjustment time in most military settings. It takes an average of
21 days to adapt to a new sleep cycle, and changing sleep periods may have more of a
detrimental effect on performance than the sleep time itself. This means that, whatever work and
sleep cycles are adapted, they should be maintained with minimal changing. Also, adaptation to
the CONOPS work and sleep schedule should be started as soon as possible.

In summary, the optimal CP design would consider the specific type of work
required within each cell and element and ensure sufficient individual substitutability and
CONOPS capability through a combination of staggered overlapping shifts and schedules of
varying time intervals for high cognitive and vigilance work.

AN APPROACH FOR IDENTIFYING CONOPS SHORTCOMINGS IN A UNIT DESIGN
General

As discussed previously, a factor that impacts CONOPS capability is the ability of a unit
commander to cross-train and cross-assign personnel to other positions within the unit to permit
scheduled rest periods. Cross assignment is also important when a unit is short of personnel
(understrength, leaves, casualties, etc.). A technique for checking the design of a unit for its
ability to cross assign is for the unit designer to analyze the possible substitutability within the
unit through the eyes of the commander. In units where a large degree of substitutability is
possible, greater potential exists through doctrinal actions and leadership techniques to develop
sleep rotation schedules to support CONOPS. When substitutability does not exist to any
substantial degree, the unit may be susceptible to performance degradation in that respective task
area during CONOPS.

Substitutability Matrix

A unit’s CONOPS capability, as measured by a commander’s ability to cross-assign
personnel, can be assessed by means of a substitutability matrix. An example of a
substitutability matrix is displayed in Table 3. The matrix is of an FA battery, field artillery
battalion, 155-mm self-propelled, table of organization and equipment (TOE) 06367L200. The
TOE job descriptions are listed in Rows 1 through 26 on the left-hand side of the table. The
same personnel skills form Columns 1 through 26 across the table. For example, the platoon
leader is cited in Row 7 and Column 7. The dash in each space of the diagonal from the upper
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left to the lower right indicates that individuals in that row and column would not substitute for

himself or herself.
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For the personnel skill in each row, a determination is made, based on field manuals, MOS
guides, operational concepts, and other source materials, whether that person could substitute for
the personnel skills listed in the columns of the table. For example, the table shows that the
battery commander could substitute for the first sergeant, the platoon leaders, or the fire direction
officer. Looking across each row of the table, the number of personnel for whom each individual
can substitute can be identified. As an example, the section chief (Line 16) can substitute for 11
other individuals. Looking down each column, a determination can be made as to how many
individuals can substitute for each skill. For example, 10 individuals can substitute for the

platoon sergeant (Column 8).

Certain rules are necessary to develop a matrix. Two general rules were used in
developing the matrix in Table 3. First, it was deemed necessary that the individual not only
could substitute but would substitute. As an example, the battery commander could probably
substitute for most other individuals in the battery, but he generally would not. Second, it was
assumed that personnel could and would substitute, when necessary, for individuals with the
same MOS two grades higher and two grades lower.

These rules are not unalterable and can be changed to accommodate different situations.
For example, the impact of permitting substitutions only one grade higher and lower could be
examined, or an assumption could be made that the commander would conduct selected cross-
training and the impact on substitutability could be analyzed. Note that this process is not exact.
Each unit designer may make different decisions with regard to an individual’s ability to
substitute for another individual. However, the exercise will provide indications as to where

additional action is required by the unit designer or by the commander.

Analyzing a Unit’s Individual Substitutability Capability

Once the matrix is developed, how is it analyzed? The first item of interest is to gain a
general impression of the degree to which substitutability is possible within a unit. Analysis of
the results displayed in Table 3 indicates that relatively good substitutability exists in a field
artillery battery where there are large numbers of 13B artillerymen. The results can be expected
to be similar in other units where large numbers of related MOSs occur, such as in infantry,
mechanized infantry, and armor companies. In other units such as headquarters detachments,
signal teams, and combat service support elements, less substitutability can be expected because,
generally, more unique MOSs in fewer quantities are assigned to these latter units.
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A second factor for interest is the identification of individual personnel skills for which no
substitutability or very limited substitutability is possible. This can be determined by reading
each column to identify columns in which no Xs or a limited number of Xs exist. In the field
artillery battery example, no one can substitute for the nuclear-biological-chemical (NBC) NCO,
and the supply sergeant and armorer can only substitute for each other. Ifit is believed that
these positions must be manned continuously during CONOPS, the unit designer would be
required to incorporate more personnel with similar skills, consider augmentation or cross-

training, or ensure that external support is available for extended operations.

A third factor for analysis is the identification of unique cells of personnel. One situation
is when the individuals within the cell can substitute internally but cannot substitute externally,
nor can external elements substitute for individuals within the cell. A maintenance section might
be an example of such a cell. A second case is when the individuals of the cell can substitute
internally as well as externally, but external elements cannot substitute for individuals within the
cell, as is exemplified by two fire direction sections. The fire direction section personnel can
substitute for others within the battery, but the highly technical nature of the fire direction
function prevents others within the battery from substituting for fire direction personnel. Thus,
duties within each fire direction center must be defined so as to support continuous operations,
or, perhaps operating procedures could be developed so that the two fire direction centers could
be mutually supporting during CONOPS.

Cases when individual substitutability is limited and when unique cells exist are more
prevalent in headquarters units and combat service support units where multiple, diverse MOSs
exist, many times in only limited numbers.

This CONOPS test is universally applicable to all types of units, including CPs.
Analyzing a CP organization with the aid of a substitutability matrix could identify opportunities
for improving effectiveness or reducing staff requirements, while maintaining a 24-hour
capability. This CP analysis is presented as an exercise for the interested reader. FM 71-100-1
(Command and General Staff College, 1993) provides the necessary details about the
composition of CP elements and cells to perform the individual substitutability analysis.
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SUMMARY

Designing a unit that is CONOPS capable is more an art than a science. Personnel and
equipment authorizations and organizational structure, in combination with an operational
concept define a unit’s CONOPS mission capability. From a CONOPS organizational design
perspective, the desired characteristics of a unit are

» Sufficiency. Each unit should possess sufficient personnel and equipment to perform
its mission-essential tasks for continuous operations. Sufficient personnel means that enough
soldiers are assigned to each combat task to assure all soldiers an opportunity for 6 to 8 hours

sleep every 24-hour cycle.

* Sustainability. Each unit should possess sufficient support personnel and equipment
to sustain mission-essential tasks during CONOPS. This means that maneuver units have not
only enough soldiers to fight the battle but also enough truck drivers, maintainers, radio
operators, and so forth, to sustain the battle.

» Robustness. Each unit should possess sufficient internal redundancy to absorb losses
and still accomplish its mission. Internal redundancy is the existence of multiple elements that
allow designated elements to replace one another while the unit continues to perform all mission-
essential tasks.

The unit designer should consider the following principles of performance derived from
Operation Desert Shield-Storm and National Training Center experience:

* Because soldiers need to rest, the unit designer may want to consider higher strength
levels for selected mission essential equipment.

» Positions involving high cognitive functioning such as reasoning, memory, and analysis
are usually the first skills to deteriorate during CONOPS sustained operations.

* A unit’s weakest CONOPS links tend to be in functional areas in which mission

performance depends upon a few soldiers who possess unique skills. These functional areas are

command and control, communications, reconnaissance and logistics.
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Unit commanders can cross-train personnel and provide for sleep rotation during
CONOPS only to the extent that the unit designer has designed the unit with sufficient resources.
With this objective in mind, this report describes three CONOPS design alternatives and a
procedure for testing individual substitutability or robustness of a unit design.

26




REFERENCES

Command and General Staff College (CGSC) (May 1993). Armored and mechanized division
tactics, techniques, and procedures (Field Manual 71-100-1). Ft Leavenworth, KS: CGSC,
Combat Development Directorate.

Headquarters, Department of the Army (July 1993). Management system for tables of
organization and equipment (AR 71-31). Washington, DC: Author.

Headquarters, Department of the Army (May 1992). Manpower requirements criteria (MARC)
(AR 570-2). Washington, DC: Author.

Headquarters, Department of the Army (Apr 1992). Operator’s manual for howitzer, medium.
self-propelled. 155-mm (TM 9-2350-311-10, C8). Washington, DC: Author.

Joint Chiefs of Staff (Mar 1994). Dictionary of military and associated terms (Joint Pub 1-02).
Washington, DC: Author.

Krueger, G.P. (1989). Sustained work, fatigue, sleep loss and performance: A review of the
issues, Work & Stress, 3(2), 129-141.

Soldier Support Center (Dec 1991). Soldier performance in continuous operations (CONOPS)
(FM 22-9). Fort Benjamin Harrison, IN: Author.

U.S. Army Aviation Center (1991), Operation desert shield/storm after action report
(unnumbered). Fort Rucker, AL: Author.

U.S. Army Combined Arms Combat Development Activity (CACDA) (April 1987). Continuous
operations study (CONOPS) (DTIC AD No. B111424L). Fort Leavenworth, KS: Author.

U.S. Army Combined Arms Command (CAC) (August 1993). MARC study document for

ground surveillance systems operations MOS 96R MCN MO07. Fort Leavenworth, KS:
CAC, MARC Division, Organizations Directorate.

U.S. Army Combined Arms Command (CAC) (November 1993). Battle command battle
laboratory (unpublished program briefing). Fort Leavenworth, KS: Author.

U.S. Army Field Artillery School (1991). Operation desert storm fire support observations
(executive summary). Fort Sill, OK: Author.

U.S. Army Research Laboratory (ARL) (1993). Blueprint of the battlefield (TRADOC
Pamphlet 11-9). Aberdeen Proving Ground, MD: ARL, Human Research & Engineering
Directorate (HRED).

Wagner, M. (1995). Information management desk guide to unit design (draft report). Aberdeen
Proving Ground, MD: ARL, HRED.

27




BIBLIOGRAPHY

Hegge, F.W. (1982). The future battlefield: Human dimensions and implications for doctrine and
research (Report WRAIR-NP-87-11). Washington DC: Walter Reed Army Institute of

Research.

Hegge, F.W., & Redmond, D.P. Sleep discipline and shiftwork in sustained operations
(unpublished paper). Washington DC: Walter Reed Army Institute of Research.

Hull, K.S. (May 18, 1990). Military applications of circadian rhythm principles. Reston, VA:

Decision Science Consortium, Inc.,
Janowski, R.M. (October 1988). AOE force structure and CONOPS, Field Artillery, pp. 22-44.

Krueger, G.P. (1991). Sustained military performance in continuous operations: Combatant
fatigue, rest and sleep needs, In R. Gal, & A.D. Mangelsdorff (Eds.), Handbook of Mili
Psychology. New York: John Wiley.

Krueger, G.P., Headley, D.B., Balkin, T.J., Belenky, G.L., & Solick, R.E. (October 1987).

Strategies for sustaining soldiers and unit performance in continuous operations (Report
WRAIR-NP-87-11). Washington DC: Walter Reed Army Institute of Research.

Naito, P., Englund, C.E., & Ryman, D.H. (1986). Sleep management in sustained operations
user’s guide (Report No. 86-22). San Diego, CA: Naval Health Research Center (DTIC No.
AD-A173050).

National Training Center (20 November 1985). Lessons learned (Commanders’ memorandum).
Fort Leavenworth, KS: Center for Army Lessons Learned.

U.S. Army Armor Center (1991). Desert shield and desert storm emerging observations. Fort
Knox, KY: Author.

29
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ABBREVIATIONS
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ATC
AG

CDR
CONOPS
CpP
CONUS
CS

FA
FARP
FSE
FM

G

HD
HEMTT

HQ

MANPRINT
MARC
METT-T
MOS

NBC
NCO

SGT
SUSOPS

™

TOC
TO&E
TRADOC

ABBREVIATIONS

Ammunition Team Chief
assistant gunner

Commander

continuous operations
command post
continental United States
Chief of Section

field artillery
forward arming refueling point
fire support element

field manual

gunner

howitzer driver
heavy expandable mobility tactical truck
Headquarters

manpower and personnel integration

manpower requirements criteria

mission, enemy, terrain, troops, and time available
military occupational specialty

nuclear, biological, and chemical
noncommissioned officer

Sergeant
sustained operations

technical manual

tactical operations center

table of organization and equipment
Training and Doctrine Command
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DEPARTMENT OF PSYCHOLOGY
UNIVERSITY OF MARYLAND
COLLEGE PARK MD 20742

DR BEN B MORGAN

DEPARTMENT OF PSYCHOLOGY
UNIVERSITY OF CENTRAL FLORIDA
PO BOX 25000

ORLANDO FL 32816

MR KENNETH C CROMBIE
TECHNICAL LIBRARIAN E104
DELCO SYSTEMS OPERATIONS
6767 HOLLISTER AVENUE
GOLETA CA 93117

DIRECTOR

US ARMY AEROFLIGHTDYNAMICS DIR
ATTN SAVRT AF D (AW KERR)

AMES RESEARCH CENTER (MS 215-1)
MOFFETT FIELD CA 94035-1099

DR TOM MALONE

CARLOW ASSOCIATES INC
SUITE 750

3141 FAIRVIEW PARK DRIVE
FAIRFAX VA 22042

COMMANDER US ARMY RES INST

OF ENVIRONMENTAL MEDICINE
ATIN COL GERALD P KRUEGER
NATICK MA 01760-5007

HQDA (DAPE-ZXO)
ATTN DR FISCHL
WASHINGTON DC 20310-0300

COMMANDER

USA MEDICAL R&D COMMAND
ATTN SGRD PLC (LTC JJ JAEGAR)
FORT DETRICK MD 21701-5012
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ORGANIZATION

PEO STANDARD ARMY MGMT
INFORMATION SYSTEM

ATTN AS PES STOP C-3

FT BELVOIR VA 22060-5456

PEO ARMORED SYS MODERNIZATION
US ARMY TANK-AUTOMOTIVE COM
ATTN SFAE ASM S

WARREN MI 48397-5000

PEO COMBAT SUPPORT

ATTN AMCPEO CS

US ARMY TANK-AUTOMOTIVE COM
WARREN MI 48397-5000

PEO MANAGEMENT INFO SYSTEMS
ATTN AS PEM

STOP C-2 BUILDING 1465

FT BELVOIR VA 22060-5456

PEO ARMAMENTS

ATTN AMCPEO AR

BUILDING 171

PICATINNY ARSENAL NIJ 07806-5000

PEO INTELLIGENCE & ELECTRONIC
WARFARE ATIN AMCPEO IEW

VINT HILL FARMS STATION BLDG 197

WARRENTON VA 22186-5115

PEO COMMUNICATIONS
ATTN SFAE CMRE
FT MONMOUTH NJ 07703-5000

PEO AIR DEFENSE

ATIN SFAE AD S

US ARMY MISSILE COMMAND
REDSTONE ARSENAL AL 35898-5750

PEO STRATEGIC DEFENSE

PO BOX 15280 ATTN DASD ZA

US ARMY STRATEGIC DEFENSE COM
ARLINGTON VA 22215-0280

PROGRAM MANAGER LHX
4300 GOODFELLOW BLVD
ST LOUIS MO 63120-1798

DAVID ALDEN

HUGHES SIMULATION SYSTEMS INC
5301 E RIVER RD

MINNEAPOLIS MN 55421-1024

OASD (FM&P)
WASHINGTON DC 20301-4000
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COMMANDER
US ARMY MATERIEL COMMAND
ATTN AMCDE AQ

5001 EISENHOWER AVENUE
ALEXANDRIA VA 22333

COMMANDER

US ARMY PERSONNEL INTEGRATION COM
ATTN ATNC NMF (MR BRANDENBURG)
200 STOVALL STREET

ALEXANDRIA VA 22332-1345

COMMANDANT

US ARMY ARMOR SCHOOL

ATTN ATSB CDS (MR LIPSCOMB)
FTKNOX KY 40121-5215

COMMANDER

US ARMY AVIATION CENTER

ATTN ATZQ CDM S (MR MCCRACKEN)
FT RUCKER AL 36362-5163

COMMANDER

US ARMY SIGNAL CTR & FT GORDON
ATTN ATZH CDM

FT GORDON GA 30905-5090

DIRECTOR AMC-FIELD ASSISTANCE
IN SCIENCE & TECHNOLOGY

ATTN AMC-FAST (R. FRANSEEN)

FTBELVOIR VA 22060-5606

COMMANDER

US ARMY FORCES COMMAND
ATTN FCDJ SA BLDG 600

AMC FAST SCIENCE ADVISER
FT MCPHERSON GA 30330-6000

COMMANDER

1 CORPS AND FORT LEWIS
AMC FAST SCIENCE ADVISER
ATTN AFZH CSS

FORT LEWIS WA 98433-5000

HQ III CORPS & FORT HOOD
OFFICE OF THE SCIENCE ADVISER
ATTN AFZF CS SA

FORT HOOD TX 76544-5056

COMMANDER

U.S. ARMY NATL TRAINING CENTER
AMC FAST SCIENCE ADVISER

ATTN AMXLA SA

FORT IRWIN CA 92310




NO. OF
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1

ORGANIZATION

COMMANDER

HQ XVIII ABN CORPS & FT BRAGG
OFFICE OF SCI ADV BLDG 1-1621
ATTN AFZA GD FAST

FORT BRAGG NC 28307-5000

SOUTHCOM WASHINGTON FIELD OFC
1919 SOUTH EADS ST SUITE L09
AMC FAST SCIENCE ADVISER
ARLINGTON VA 22202

HQ US SPECIAL OPERATIONS COM
AMC FAST SCIENCE ADVISER
ATTN SOSD

MACDILL AIR FORCE BASE
TAMPA FL 33608-0442

HQ US ARMY EUROPE & 7TH ARMY
ATTN AEAGX SA

OFFICE OF THE SCIENCE ADVISER
APO AE 09014

COMMANDER

HQ 21ST THEATER ARMY AREA COM
AMC FAST SCIENCE ADVISER

ATTN AERSA

APO AE 09263

COMMANDER
HEADQUARTERS USEUCOM
AMC FAST SCIENCE ADVISER
UNIT 30400 BOX 138

APO AE 09128

HQ V CORPS

COMMAND GROUP UNIT #25202
AMC FAST SCIENCE ADVISER
ATTN AETV SA

APO AE 09079-0700

HQ 7TH ARMY TRAINING COM
UNIT #28130

AMC FAST SCIENCE ADVISER
ATTN AETT SA

APO AE 09114

COMMANDER

HHC SOUTHERN EUROPEAN TASK
FORCE ATTN AESE SA BLDG 98

AMC FAST SCIENCE ADVISER

APO AE 09630

USA FORCE INTEGRATION SUPPORT
AGENCY ATIN MR JAMES LUCAS
FT BELVOIR VA 22060-5606

NO. OF
COPIES

1

ATION

COMMANDER

US ARMY PACIFIC

AMC FAST SCIENCE ADVISER
ATTN APSA

FT SHAFTER HI 96858-5L00

COMMANDER

US ARMY JAPAN/IX CORPS
UNIT 45005 ATTN APAJ SA
AMC FAST SCIENCE ADVISERS
APO AP 96343-0054

AMC FAST SCIENCE ADVISERS
PCS #303 BOX 45 CS-SO
APO AP 96204-0045

COMMANDER ALASKAN COMMAND
ATTN SCIENCE ADVISOR (MR GRILLS)
6-900 9TH ST STE 110

ELMENDORF AFB ALASKA 99506

DIRECTOR

US ARMY RESEARCH LABORATORY
ATTN AMSRL OP SD TP (TECH PUB OFC)
ADELPHI MD 20783-1145

(1 ref set w/dist list + ARL form 1)

DIRECTOR

US ARMY RESEARCH LABORATORY
ATTN AMSRL OP SD TA (REC MGMT)
ADELPHI MD 20783-1145

(record set)

DR SEHCHANG HAH

DEPT OF BEHAVIORAL SCIENCES &
LEADERSHIP BLDG 601 ROOM 281

US MILITARY ACADEMY

WEST POINT NEW YORK 10996-1784

US ARMY RESEARCH INSTITUTE
ATTN PERI IK (DOROTHY L FINLEY)
2423 MORANDE STREET

FORT KNOX KY 40121-5620

HQDA DAMO ZD
ATTN MR JOHN RIENTE
WASHINGTON DC 20310

USA CONCEPTS ANALYSIS AGENCY
ATTN MR HOWARD WHITLEY

8120 WOODMONT AVENUE
BETHESDA MD 20814-2797
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US ARMY COMBINED ARMS CENTER
& FORT LEAVENWORTH

ATTN ATZL CDC

FT LEAVENWORTH KS 66027-5000

US ARMY COMBINED ARMS SUPPORT
COMMAND ATTIN ATCL B
ATCL M
ATCL K
FTLEE VA 23801-6000

US ARMY ARMOR CENTER & FT KNOX
ATTN ATZK CD
FORT KNOX KY 40121-5000

US ARMY AVIATION CENTER & FORT
RUCKER ATIN ATZQ CD
FORT RUCKER AL 36362-5000

US ARMY INTELLIGENCE CENTER &
FT HUACHUCA ATTN ATZS CD
FORT HUACHUCA AZ 85613-6000

US ARMY SIGNAL SCHOOL
ATTN ATZH CD
FORT GORDON GA 30905-5000

US ARMY INFANTRY CENTER &
FT BENNING ATTN ATZB CD
FORT BENNING GA 31905-5000

US ARMY TRANSPORTATION CENTER
& FT EUSTIS ATIN ATZF TW
FORT EUSTIS VA 23604-5000

US ARMY SOLDIER SUPPORT INST
ATTN ATSG CG
FORT JACKSON SC 29207-7025

US ARMY AIR DEFENSE ARTY SCHOOL
ATTN ATSA CD
FORT BLISS TX 79916-3802

US ARMY FIELD ARTILLERY SCHOOL
ATTN ATSF CD
FORT SILL OK 73505-5600

US ARMY INFANTRY SCHOOL
ATTN ATSH-WC
FORT BENNING GA 31905-5007

US ARMY CHEMICAL SCHOOL

ATIN ATZNCM C
FT MCCLELLAN AL 36205-5020
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US ARMY MILITARY POLICE SCHOOL
ATTN ATZN MP C
FT MCCLELLAN AL 36205-5030

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MH

BLDG 1109D (MICHAEL BENEDICT)
FORT KNOX KY 40121-5215

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MJ

(RICHARD ARMSTRONG)

PO BOX 620716 BLDG 514

FT RUCKER AL 36362-0716

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR ML (JOHN MARTIN)
MYERS CENTER RM 3C214

FT MONMOUTH NJ 07703-5630

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MV (EDWIN SMOOTZ)
HQ TEXCOM BLDG 91012

FT HOOD TX 76544-5065

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MY (JULIE HOPSON)
JEFFORDS ST BLDG 84017

FT HUACHUCA AZ 85613-7000

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MS

(LOUIS BUCKALEW)

SIGNAL TOWERS RM 207

FT GORDON GA 30905-5233

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MU

BLDG 200A (MOHSIN SINGAPORE)
WARREN MI 48397-5000

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MF

(LINDA PIERCE)

BLDG 3040 RM 220

FT SILL OK 73503-5600

ABERDEEN PROVING GROUND

ARL SLAD
ATTN AMSRL BS (DR JT KLOPCIC)
BLDG 328 APG-AA




NO. OF
COPIES

5

QRGANIZATION

DIRECTOR

US ARMY RESEARCH LABORATORY
ATTN AMSRL OP AP L (TECH LIB)
BLDG 305  APG-AA

US ARMY RESEARCH LABORATORY
ATTN AMSRL HR MM (DAVE HARRAH)
BLDG 459 APG-AA

USATECOM
RYAN BUILDING
APG-AA

LIBRARY

ARL BUILDING 459
APG-AA
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